BARBARA SUDNIK-WÓJCIKOWSKA IVAN IVANOVYCH MOYSIYENKO СУДНІК-ВОЙЦИКОВСЬКА Б., МОЙСІЄНКО І.І., 2010: Флора курганів лісостепової зони України. Чорноморськ. бот. ж., Т. 6, № 2: 162-199. Представлені результати вивчення флористичного різноманіття флори курганів лісостепової зони проведені на території Кіровоградської, Полтавської та Черкаської областей. Всього досліджено 25 курганів понад 3 м висотою на площі 12092,4 км 2 . Досліджена флора курганів Лісостепу виявилась багатшою на види порівняно з 3 смугами степовою зони і налічує 460 видів судинних рослин. Кількість видів на одному кургані варіює від 85 до 159, а в середньому становить 107,5. Як і в Понтичному різнотравно-та багаторізнотравнозлаковому степу у флорі курганів лісостепу переважають гемікриптофіти (39,4%), тоді як в південніших степових смугах на курганах домінують терофіти. Також більш чисельними виявились фанерофіти (10,0%). Короткоживучі (одно-, дво-трирічні) види складають 33,1% флори курганів лісостепової зони. Більшість з них належить до синантропних видів, зокрема є бур'янами, що проникли з оточуючих полів. В цілому на курганах в лісостепу виявлено 112 антропофітів. Археофіти та кенофіти складають 13,7% та 7,6% флори курганів, відповідно. Загалом на курганах представлені види, що мають оптимум трапляння у складі 20 синтаксонів вищого рангу. Види асоційовані з степовими синтаксонами (FestucoBrometea, Festucetea vaginatae, Polygono-Artemisietea та Galietalia veri) складають 49,3% дослідженої флори. Як і у флорі курганів справжніх та пустельних степів в лісостепу переважають види класів Festuco-Brometea та Stellarietea mediae, що вказує на напівнатуральний характер флори курганів. Також у флорі курганів лісостепу представлені види 5 класів дерев'янистої та чагарникової рослинності: QuercoFagetea, Urtico-Sambucetea, Robinietea та Salicetea purpureae. Загалом на курганах у флорі лісостепової зони виявлено 47 раритетних видів. Дослідження проведені в лісостеповій зоні підтверджують, що вони є рефугіумом степової флори. Вони можуть відігравати значну роль у відновлені природного рослинного покриву. Тому, кургани повинні охоронятися і як пам'ятники археології, і як пам'ятки природи.
Introduction
The present work is the last one in the series of publications dealing with the biodiversity of kurgan flora in the steppe and forest steppe zones of Ukraine. Earlier papers concerned the flora of kurgans located southwards: desert steppe -the west and central Pontic steppe zone [MOYSIYENKO, SUDNIK-WÓJCIKOWSKA 2006] , grass steppe zone -"poor forbs" -the west Pontic grass steppe zone [SUDNIK-WÓJCIKOWSKA, MOYSIYENKO 2006] , and "rich forbs" -the Pontic herb (-rich) grass steppe zone [MOYSIYENKO, SUDNIK-WÓJCIKOWSKA 2009] .
The aim of this study was to assess the richness and specific characters of the flora of kurgans within the forest steppe zone. Material and methods In the present work the same methods as those used in an earlier study [MOYSIYENKO, SUDNIK-WÓJCIKOWSKA 2006 , 2009 , SUDNIK-WÓJCIKOWSKA, MOYSIYENKO 2006 were applied. The following criteria were used to select the 25 kurgans:
-kurgans more than 3 m high were chosen; -good state of preservation of kurgans; -the state of preservation of the plant cover; it was assumed that the presence of typical steppe species, such tuft grasses as Festuca valesiaca, Koeleria cristata and Stipa capillata or Bothriochloa ischaemum, Cleistogenes bulgarica was indicative of a relatively good condition of plant cover. The flora of 5 microhabitats within 25 kurgans was investigated. The data were compiled in Table A (Appendix 1) which contained the following additional information about each taxon: its occurrence and abundance (estimated according to a 3-point scale: 1 -sporadic, 2 -infrequent, 3 -common) in particular microhabitats within the kurgans investigated, species life form, its status in the historical-geographical classification, and origin in the case of alien species. Floristic analysis was conducted and the specific characters of the kurgan flora within forest steppe zone was determined. A five-grade scale was used to assess the frequency category of the species (see Fig. 3 ). The flora of 5 microhabitats within kurgans will be analysed in greater detail in another publication.
The species nomenclature follows S.L. MOSYAKIN, M.M. FEDORONCHUK [1999] , Latin names of syntaxa are given according to В.А. СОЛОМАХА [1996] , Б.М. МИРКИН, Л.Г. НАУМОВА [1998] , and W. MATUSZKIEWICZ [2001] .
Results

Biodiversity of the kurgan flora
A total of 460 species of vascular plants were reported from 25 kurgans in the forest steppe zone (Appendix 1). The one additional species at the bottom of Table A was found on the kurgan in this zone which was not investigated in the present study (coordinates of this kurgan: Cherkasy Region, Chygyryn District, v. Medvedivka (N 52 0 10'48.01", E 32 0 21'18.71"). The number of species on particular kurgans ranged from 85 to 159, 107,5 on average. The kurgan flora in the forest steppe was richer in species than the flora of the barrows in each of the earlier investigated steppe zones (the desert steppe zone -305 species [MOYSIYENKO, SUDNIK-WÓJCIKOWSKA 2006] , in the west Pontic grass steppe zone -352 [SUDNIK-WÓJCIKOWSKA, MOYSIYENKO 2006] , and in the Pontic herb (-rich) grass steppe zone -439 species [MOYSIYENKO, SUDNIK-WÓJCIKOWSKA 2009] ). The species belonged to 256 genera and 51 families. The following families were represented by the greatest number of taxa: Asteraceae, Poaceae, Fabaceae, Lamiaceae, Caryophyllaceae, Rosaceae, Scrophulariaceae, Brassicaceae, Ranunculaceae, Apiaceae, Boraginaceae, Polygonaceae, Chenopodiaceae, Euphorbiaceae, Cyperaceae, Violaceae (Fig. 2) . Compared with the flora of kurgans located in the other zones the role of the Caryophyllaceae and Ranunculaceae families increased. Genera represented by the highest number of taxa were, as follows: Veronica (15), Euphorbia (8), Carex (7), Potentilla (7), Salvia (7), Vicia (7), Viola (7), Artemisia (6), Trifolium (6).
About 191 species (41,0% of the total kurgan flora) with the first (I) frequency class ( A s te r a c e a e P o a c e a e F a b a c e a e L a m ia c e a e C a ry o p h y ll a c e a e R o s a c e a e S c r o p h u la r ia c e a e B r a s s ic a c e a e R a n u n c u la c e a e A p ia c e a e B o r a g in a c e a e P o ly g o n a c e a e C h e n o p o d ia c e a e E u p h o rb ia c e a e C y p e ra c e a e V i o la c e a e R u b ia c e a e A c e r a c e a e H y a c i n th a c e a e S o la n a c e a e C a m p a n u la c e a e D ip s a c a c e a e G e r a n ia c e a e L il ia c e a e O le a c e a e P la n ta g in a c e a e U lm a c e a e Family The number of species 
Рис. 2. Найбільш представлені (за кількістю видів) у флорі курганів лісостепової зони родини.
The total abundance of every species within the kurgans theoretically ranged from 0 up to 375 (a 3-grade scale was used to estimate the abundance of species, and 5 microhabitats within the 25 kurgans studied were taken into account: 3 x 5 x 25 = 375). The abundance of only a few species exceeded 200, i.e.: Poa angustifolia (265) and Elytrigia repens (231). The abundance of 9 species ranged from 150 to 200: Convolvulus arvensis (198) , Koeleria cristata (189), Festuca valesiaca (178), Euphorbia virgata (170), Salvia nemorosa (168), Medicago falcata (163), Sisymbrium polymorphum (156), Bromopsis inermis (151), Stipa capillata (150). At the same time, the above taxa were the most frequently encountered species. Рис. 3. Розподіл флори курганів лісостепової зони за класами частоти трапляння (на верхівці cтовпчика вказана абсолютна кількість видів у кожній категорії). Класи частоти трапляння: I -спорадично (1-2 кургани), II -рідко (3-6), III -досить часто (7-12), IV -часто (13-19), звичайно (20-25).
Spectrum of life forms
The spectrum of life forms in the flora of kurgans in the forest steppe zone corresponded to that of the flora of the adjacent steppe zone. As well as in the Pontic herb (-rich) grass steppe zone, hemicryptophytes were the dominating group of species (39,4%). The second largest group were therophytes (33,1%), which usually dominated in the west Pontic grass steppe zone (43,2%), as well as in the desert steppe zone (46,5%). Most of the therophytes (81from 152), are alien species e.g. many weeds from the surrounding fields. In the desert steppe zone phanerophytes comprised only 4% of the flora of kurgans, in the west Pontic grass steppe zone: 4,8%. Their role in the flora of the barrows increased towards the north: 8,7% in the Pontic herb (-rich) grass steppe zone and 10,0% in the forest steppe zone. The following species of native phanerophytes which were absent on the kurgans investigated in the zones further south were recorded: Chamaecytisus ruthenicus, Ch. lindemannii, Sambucus racemosa, Spiraea hypericifolia. In the case of the forest steppe zone "new" alien phanerophytes included: Amelanchier ovalis, Caragana arborescens, Cotinus coggygria, Ptelea trifoliata, Syringa vulgaris. Other life forms played a smaller role in the flora of the barrows: in the forest steppe zone geophytes comprised 12,9% of the kurgan flora, and chamaephytes -4,6%.
Spectrum of socio-ecological groups
The flora of kurgans was distinguished by a wide sociological range. It included the representatives of at least 20 syntaxa of higher ranks (Fig. 5) . As in kurgans of the 3 steppe zones, species representing communities of the Festuco-Brometea and Stellarietea mediae classes had the biggest share concerning complex groups of steppe grasslands and synanthropic communities, 57,3%, (i.e. 37,5%, and 19,8% respectively). Such domination reflects the semi-natural and anthropogenic character of the kurgan flora.
Species associated with various steppe syntaxa: Festuco-Brometea, Festucetea vaginatae, Polygono-Artemisietea and Galietalia veri comprised as much as 49,3% of the kurgan flora (37,5%; 4,4%; 1,5%; 5,9% respectively). A s t e r e t e a t r i p o l i u m B i d e n t e t e a t r i p a r t i t i M o l i n i o -A r r h e n e t h e r e t e a G a l i e t a l i a v e r i F e s t u c o -B r o m e t e a F e s t u c e t e a v a g i n a t a e S e d o -S c l e r a n t h e t e a P o l y g o n o -A r t e m i s i e t e a A g r o p y r e t e a i n t e r -r e p . P l a n t a g i n e t e a m a i o r i s A r t e m i s i e t e a v u l g a r i s S t e l l a r i e t e a m e d i G a l i o -U r t i c e t e a T r i f o l i o -G e r a n i e t e a U r t i c o -S a m b u c e t e a R o b i n i e t e a R h a m n o -P r u n e t e a Q u e r c o -F a g e t e a S a l i c e t e a p u r p u r e a e
Syntakson
Number of species Species representing synanthropic syntaxa (with the exception of Stellarietea mediae), such as classes: Artemisietea vulgaris and Agropyretea intermedio-repentis as well as the Plantaginetalia majoris order (6,8%, 1,3%, 0,9% respectively) constituted 28,8 % of the kurgan flora.
Under more favourable soil moisture conditions, species belonging to the classes Molinio-Arrhenatheretea (except Galietalia veri) and Bidentetea were found growing at the foot of the kurgans, mostly on their northern side. However, their proportion in the flora of kurgans was estimated at 5,7 % and 0,2% respectively.
Species associated with forest and scrub communities were a slightly better represented in the flora of kurgans in the forest steppe zone than in the Pontic herb (-rich) grass steppe zone and much better than in the grass steppe and desert steppe zones. A higher number of syntaxa which were represented by a big number of species were recorded. A total of 5 classes of tree and shrub communities were represented on the kurgans in the forest steppe zone: Querco-Fagetea, Urtico-Sambucetea, Robinietea and Salicetea purpureae. Species associated with the above syntaxa constituted 10,3% of the flora of kurgans. The plant communites from the above classes were usually found at the foot of the kurgans. Other syntaxa of higher ranks, including halophyte communities (Asteretea tripolii, FestucoPuccinellietea) were poorly represented on the kurgans.
Spectrum of species groups in the historical-geographical classification of plants
The spectrum of synanthropic species groups in the flora of kurgans in the forest steppe zone (Tab. 2, Fig. 6 ) corresponded basically with the spectra for the earlier investigated 3 steppe zones. Historical-geographical group of species Percentage in the kurgan flora Native species accounted for 76,1% of the flora of kurgans in the investigated zone whereas non-synanthropic plants comprised 42,4% of the kurgan flora. The most frequently occurring species (frequency class V) were: Agrimonia eupatoria, Festuca valesiaca, Gypsophila paniculata, Koeleria cristata, Salvia nemorosa, Sisymbrium polymorphum, Verbascum phoeniceum. The percentage of native and non-synanthropic species in the flora of kurgans was similar as in the case of 2 steppe zones: in the Pontic herb(-rich) grass steppe zone 74,2% and 41,4%, in the desert steppe zone: 77,2% and 40,9% respectively. Differences were bigger in the case of the west Pontic grass steppe zone: 70,8% and 39,5%, respectively.
Depending on the level of transformation of the habitats into which they penetrate, apophytes can be subdivided into 3 groups: hemiapophytes (22,0% of the total flora) and euapophytes + apophytes-oekiophytes (11,7%) (Fig. 6) . With respect to frequency, hemiapophytes distinctly predominated over euapophytes; 14 hemiapophytes belonged to frequency class V (Achillea setacea, Bromopsis inermis, Euphorbia virgata, Falcaria vulgaris, Medicago falcata, Poa angustifolia, but only 8 euapophytes represented the above frequency class (Chenopodium album, Convolvulus arvensis, Elytrigia repens, Linaria vulgaris, Melandrium album). The abundance of hemiapophytes is twice as high as that of euapophytes (3077 and 1391 respectively).
The total number of species of alien origin (anthropophytes) amounted to 110 (80 of them are therophytes). They comprised 23,9% of the flora of kurgans in the forest steppe zone and represented mainly families such as: Asteraceae (18 species), Brassicaceae (13), Poaceae (11), Fabaceae (7), Rosaceae (7) and Lamiaceae (7). Archaeophytes dominated among alien species (13,7% of the total flora of kurgans; the abundance of 63 species of archaeophytes was estimated at 1222). The most frequently occurring archaeophytes (frequency class V) were: Artemisia absinthium, Lactuca seriola, Setaria glauca; frequency class IV: Ballota nigra, Capsella bursa-pastoris, Carduus nutans, Cichorium intybus, Descurainia sophia, Fallopia convolvulus, Lappula squarrosa, Lathyrus tuberosus, Setaria viridis, Sisymbrium loeselii, Viola arvensis. Kenophytes were less numerous (34 species; 7,4%) and their total abundance was estimated to be 485. Only 1 species of kenophytes represented frequency class V (Conyza canadensis). The following species were included in frequency class IV: Amaranthus retroflexus, Armeniaca vulgaris. Ergasiophygophytes are a group of species which escaped from the cultivated fields surrounding the kurgans and became temporarily established on the barrows. They, however, made up only 2,8 % of the total flora of kurgans.
The synanthropization index of the kurgan flora estimated from the proportion of apophyte and anthropophyte species in the flora of kurgans was more or less the same in the three steppe zones studied: 57,6% (in the desert steppe zone: 59,1%, in the grass steppe zone: 60,5%, and in the Pontic herb(-rich) grass steppe zone: 59,0%). It is interesting to note that the percentage of the particular groups of synanthropic species was comparable in the three steppe zones.
However, some differences appeared when the geographical origin of the species was analyzed. It should be noted that the number of anthropophytes of various origins changed with the south-north direction: the share of Mediterranean-European species increased; in the desert steppe zone the contribution of Mediterranean-(Eur)asian species was much higher than that of Asian species. In the case of the grass steppe the differences in the proportion of the above two species groups were less pronounced, whereas in the Pontic herb(-rich) grass steppe as well as forest steppe zone Asian species played a more important role.
5. Floristic values of the kurgans and the protection of the plant cover Similar problems exist concerning the conservation of the flora of kurgans in the case of the forest steppe zone and the steppe zones. The process of overgrowing of kurgans with trees and shrubs is much more strongly marked in the forest steppe than in the steppe zones. Shrubs and groups of trees occur more frequently and abundantly in this zone. They displace light-loving steppe species.
In the forest steppe zone we noted kurgans completely overgrown with forest, e.g. within a Scythian earthwork "Motroninskoye", near Kholodnyi Yar and Melniki village (Chyhyryn District, Cherkasy Region). The steppe vegetation has been entirely destroyed on these kurgans. The forest has existed here for centuries. Partially overgrown kurgans are more often observed. Trees and shrubs are found growing at the foot and on the northern slopes of the kurgans. Steppe species are very rare in places densely overgrown with forests or shrubs Рис. 7. Походження адвентивного елементу флори курганів лісостепової зони.
In the past the forest steppe zone was mainly inhabited by sedentary tribes (but penetrated by nomadic populations too) and the land was utilized agriculturally much earlier than the areas of southern Ukraine. These two factors had a significant effect on the flora of kurgans in the forest steppe. Special type of kurgans (ukr. "maidan") occur locally here (Fig.  8) . We did not find any of these structures in the desert steppe zone and in the proper steppe zone during the course of our investigations. In the Middle Ages these kurgans were dug up and the soil enriched with saltpetre was gained from the central part of "maidans". Saltpetre was used by kozaks in production of gun-powder. Now, in these types of kurgans a characteristic deep "crater" may be observed. In the vicinity of these kurgans -piles of soil (ukr. "usy") -the remains of used soil from the inside of "maidans"is deposited. Changes in the shape of these kurgans also had an influence on the species composition of these structures.
The other problems concerning the anthropogenic transformation of the flora of kurgans were similar in the case of the forest steppe and the steppe zones. These problems were discussed in more detail in our earlier publications [МОЙСІЄНКО, СУДНІК-ВОЙЦИКОВСЬКА, 2008 , MOYSIYENKO, SUDNIK-WÓJCIKOWSKA, 2006 , 2009 SUDNIK-WÓJCIKOWSKA, MOYSIYENKO, 2006] . The data presented below refer only to sozophytes recorded on the kurgans in the forest steppe.
Native species consist 76% of floristic list in the Appendix 1; among them 47 species are especially interesting ( Fig. 9 ): Astragalus dasyanthus, Eremogone rigida, Linaria biebersteinii listed in "Plants of Ukraine in the 1997 IUCN -Red List of Threatened Plants" [МОСЯКІН, 1999] , also Astragalus dasyanthus from the "Europeaen Red List" [Червона книга…, 1996] It appears that a considerable number of steppe species belongs to the above mentioned group of species of high conservation value [МОЙСІЄНКО, СУДНІК-ВОЙЦИКОВСЬКА, 2008; MOYSIYENKO, SUDNIK-WÓJCIKOWSKA, 2006 , 2009 SUDNIK-WÓJCIKOWSKA, MOYSIYENKO, 2006] . This may be due to many reasons. The investigated kurgans in the forest steppe zone occurred over a much larger geographic area, i.e. within three regions, whereas the kurgans in the desert steppe zone within one region only, and in the grass steppe (Pontic herb-rich grass steppe and west Pontic grass steppe) within two regions. As a result, three local red lists of species were used in the case of the forest steppe, and 1-2 lists in the case of the steppe zone. In addition, a considerable number of steppe species, among others species typical of southern steppe areas, are included in the local floristic lists of species in the forest steppe zone, although the conditions prevailing within this zone are not optimal for this group of species. The flora of kurgans in the forest steppe is characterized by a higher proportion of sozophytes: from 2 to 21 species, 6,8 on average. The most valuable kurgans in terms of rare species were: F1 (13 species), F2 (12), F13 (21), F19 (15). Among the kurgans investigated in all the zones, kurgan F13 situated near Kamienka supported the highest number of rare species. The data pertaining to rare, valuable and protected species of plants on the kurgans in the forest steppe provide an additional argument that the kurgans in this zone should be under protection not only as archaeological sites but also as nature monuments (as in the case of the steppe zone). 
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--1 1 1 --1 -1 -1 -1 1 1 --1 --2 2 2 ----1 ---2 1 1 ---1 1 -1 1 -1 1 1 --1 12 13 14 15 --1 1 1 1 2 1 ---1 1 2 2 1 -1 1 1 1 1 -2 1 --2 -1 2 1 2 1 2 -2 1 2 1 1 1 1 1 2 2 2 2 -1 17 21 26 26 
Chamaecitysus austriacus (L.) Link
Ns (****) Chondrila juncea L.
Cirsium ucrainicum Besser
Cichorium intybus L. 28   29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
2 5 --2 2 ------2 2 2 2 --1 1 2 2 --1 2 2 2 2 2 --2 1 2 1 1 2 --2 --1 1 -------13 12 22 20
2 2 2 2 2 1 --2 1 2 2 2 2 2 2 -2 2 3 3 2 2 2 -1 2 1 2 1 -1 2 1 2 2 1 2 2 2 2 2 2 -1 1 -1 -1 19 23 37 37 2 2 2 2 2 1 --2 2 2 2 2 3 2 2 -2 3 2 2 2 2 2 2 2 2 2 2 2 3 1 2 1 2 2 -2 2 2 2 2 3 -2 1 -2 2 2 21 23 45 43
2 2 2 1 -1 2 1 1 -1 -2 1 3 1 -1 9 12 15 14 -1 2 2 2 2 2 1 --2 2 1 2 2 1 -1 2 1 1 1 2 1 1 1 2 2 2 1 2 2 2 1 2 2 1 1 1 1 2 1 2 -1 -2 2 2 -22 21 38 29
1 6 -----1 -1 1 1 -----2 -----1 2 -1 1 -2 -2 2 2 2 1 -2 ----1 2 ----2 2 2 -8 13 13 20 
Cuscuta campestris
Yunck.
Crepis biennis L.
Crataegus sp. 
Dianthus carbonatus
M.Bieb.
Cotinus coggygria
Scop.
---Crataegus mono-gyna Jacq. aggr.
Coronilla varia L.
Corydalis solida
Clairv. 
Convolvulus arvensis
L.
1
Consolida regalis S.F. Gray
Crepis tectorum L. 29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
-2 2 2 -1 3 3 -2 -3 1 3 3 3 3 3 -2 2 2 2 2 ---2 -3 2 2 1 2 -2 ---2 3 3 2 2 --1 2 2 1 13 22 27 49 2 2 2 3 2 3 3 --2 3 3 2 3 3 3 3 3 2 3 3 3 3 3 2 2 3 3 2 3 3 2 2 2 3 3 -1 3 3 3 3 2 3 2 2 3 3 3 3 23 24 59 64 Echinochloa crusgalli (L.) P.Beauv. 
-------------2 -2 -----------2 -------2 2 -2 --5 2 10 4 ------------------------------------------------------3 2 -------1 --------------------------1 1 ------------2 3 4 4 2 3 -------1 --------------2 1 ----2 1 ----2 -------------4 4 8 6 -------------------------------------------------------------------------------1 -------------------------
1 - 1 ---1 --1 ---1 -2 -------------------1 --1 --------------4 2 5 2 ----------2 -2 ---1 -----------------2 ---------------4 - 7 - 4 Fest-Brom
Erysimum diffusum
Ehrh. 28   29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
Erigeron podolicus Besser
2 2 2 1 ------2 3 2 2 --2 3 3 ----1 3 2 ------------1 2 -1 1 1 ------9 10 18 18 3 2 2 2 ------3 3 3 2 --1 -3 ---1 1 2 2
-------------1 --1 1 ------9 8 19 14 ----------2 2 -2 -1 -------2 --------1 ---------1 ------1 3 5 4 8 ----------2 -----------1 ----------1 ----------------2 1
3 1 2 -1 -2 2 -2 1 1 2 1 1 2 2 3 -2 2 3 1 2 1 2 --2 2 2 1 2 1 2 1 2 2 2 2 ----1 --1 2 -1 2 19 18 31 32 2 2 2 1 2 2 2 2 2 -2 2 2 2 2 2 2 3 2 2 2 2 2 2 --3 2 2 2 3 2 2 1 2 2 2 2 -2 --2 -2 2 2 2 2 2 22 21 46 41
2 -2 2 -2 --1 -2 2 1 ---1 1 -1 1 2 2 2 -2 2 1 --2 2 2 1 2 2 1 2 -1 2 1 2 --2 1 2 --16 17 26 28 -2 3 3 2 3 --2 1 3 2 2 2 --2 1 2 2 2 1 3 2 2 1 3 2 --3 2 2 1 3 3 2 2 2 2 3 2 2 -2 2 2 -2 -21 19 49 36
6 9 3 3 3 3 2 2 2 1 3 2 3 -3 3 2 2 2 2 3 2 3 2 2 3 3 3 --2 1 2 -2 3 --2 2 2 1 --2 3 2 2 2 3 3 3 22 20 53 46 3 2 2 2 2 1 2 1 1 ----2 2 2 2 -2 1 ---2 2 2 ----1 --2 --------2 -1 1 -2 2 2 13 13 24 22 
-----------------------2 ------------------------1 2 1 4 ------1 2 -----------------1 ----------2 2 -2 ----------2 4 3 7 -3 -----2 1 ----------------2 ----------3 3 -2 ----------2 5 4 12 ---------------------------------1 -----------------
1 - 1 -------1 -------------------------2 ---1 -----1 ------- 4 - 5 -------1 -------------------------------1 ----------- 2 - 2 ------2 2 -----1 -----1 --------1 1 --------2 2 ----------
Festuca rupicola
Heuff. 
2
Fragaria viridis Duchesne
Erysimum repandum L.
Euphorbia agraria M.Bieb.
Euonymus europaea L.
-
Euphorbia leptocaula
Boiss.
Euphorbia virgata
Waldst. & Kit.
Euphorbia subtilis
Prokh.
--
Fagopyrum esculentum Moench
Fallopia dumetorum (L.) Holub
Fallopia convolvulus (L.) A.Löve
Falcaria vulgaris
Bernh. 
Festuca pratensis
Huds. 29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
--
Fraxinus pennsylvanica Marschall
Filipendula vulgaris Moench
-2 1 1 --1 2 -2 2 ------2 2 2 2 -3 2 2 2 --1 3 8 13 14 26
--------------------------------------------1 --3 4 ----1 ---------------1 --------------------3 --5 4 9 8 -----------------1 ---------------------------------1 -1 ------------------------------------------------------
2 1 1 -----2 1 --------------------2 2 ----2 3 2 1 1 --2 2 1 --2 2 9 8 16 13 2 3 2 2 ----2 2 ------------------2 --3 ----3 1 2 2 ----3 2 --3 -8 7 19 15
2 2 --2 2 2 --1 2 3 2 2 1 1 2 2 -1 ------2 2 2 1 --2 1 --1 1 --2 1 --------12 13 22 20 2 1 --3 2 --2 2 3 3 3 2 2 2 3 3 2 1 --2 ---3 2 3 2 --3 2 2 1 1 1 1 -2 3 -1 2 -1 ---18 15 40 28 
Helictotrichon pubescens (Huds.) Pilg.
Galium verum L.
Fumaria vaillantii
Loisel.
Herniaria besseri
Fisch. ex Hornem.
Galium aparine L.
---Helianthus annuus L.
Helichrysum arenarium (L.) Moench
Galium spurium L.
Galium octonarium
(Klokov) Soó - -
Galium ruthenicum
Willd.
Geranium pusillum L. 28   29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
9 12 2 -----2 1 2 1 --1 -2 2 2 1 3 2 ------2 ---3 2 --2 1 -----1 --------10 8 21 11 1 2 1 7 4 10 4 ----1 ------2 2 1 1 2 -1 2 1 1 -----2 2 1 -----2 2 ---------1 --1 2 9 9 13 14 ----------1 2 -1 -2 -2 2 2 1 -----2 2 ------2 2 ------------2 2 6 8 10 15
----1 1 2 2 2 2 -----2 1 1 -2 -1 2 1 1 1 ---1 2 1 -1 2 -1 1 1 1 ----------10 14 15 18 --1 1 -2 1 -2 2 -----2 1 2 2 2 2 1 1 2 1 1 --2 1 2 2 2 1 --2 2 1 -1 2 ----1 ---15 14 22 23
--2 2 2 1 --2 2 2 -2 1 ----1 1 2 -2 1 3 1 ------------2 --1 2 1 2 1 2 -2 2 14 11 28 14 -----1 ---2 --2 1 ----1 ---1 -1 -------------1 ---2 1 ------6 4 8 5 2 1 2 2 1 1 2 2 2 2 2 3 2 3 2 2 -2 2 1 1 -2 2 2 2 3 3 2 3 2 2 2 -1 3 3 3 2 1 3 3 3 3 2 2 2 2 3 3 24 23 50 51 2 -2 1 --2 1 1 1 -2 1 2 2 2 1 1 1 1 1 -1 1 1 -2 2 2 1 2 1 1 1 -2 2 1 2 -2 2 2 ---2 2 1 2 21 18 33 26 
Jurinea salicifolia
Grun. 
Hieracium virosum
Kochia prostrata (L.) Schrad. 
Hypericum elegans
Stephan ex Willd.
---Hyoscyamus niger L.
Hesperis tristis L.
Iris pumila L.
Hieracium echioides
Lumn.
Iris hungarica
Holosteum umbellatum L.
Hierochloë repens (Host) P.Beauv.
Hylotelephium polonicum (Blocki) Holub
Hieracium pilosella L.
Hieracium umbellatum L. 29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8  25  14 - ---1 1 -----1 1 --------1 1 2 -------1 -1 ---1 -1 ----1 1 2 2 1 1 6 11 7 13 --1 -2 1 -1 --2 1 2 1 ---1 -1 2 3 2 2 2 1 2 2 1 1 2 1 2 2 2 2 - 1 1 1 1 1 --1 1 3 2 1 1 17 20 29 27   --1 ---------------------2 ------------------1 1 1 1 1 1 1 5 1 1 1 ---1 ---1 -1 --1 1 -1 -1 1 -1 ---1 -1 ------1 1 10 8 11 8
-----2 2 2 --2 2 --2 2 2 2 1 2 1 2 -2 --------2 1 -1 --1 1 ----------8 11 13 19 ----2 2 1 ---2 2 2 2 2 2 3 3 2 2 2 1 2 2 ----2 2 2 -2 3 -1 --2 2 2 2 2 -------15 13 30 26
--2 ---2 -2 1 2 2 -2 -1 2 2 2 3 --2 2 --2 2 --2 2 ---2 --------------9 10 18 19 --1 -2 1 2 --1 2 1 2 --2 2 2 2 2 --2 ---2 2 2 -2 2 2 -2 1 -------------2 13 10 25 16
2 -----1 1 -6 8 7 10 -1 1 1 --1 1 2 -1 1 --2 2 -1 2 -1 2 1 2 1 ---2 2 --2 2 2 2 -1 --1 2 -1 1 2 1 2 2 1 16 17 23 26 
Lathyrus pratensis L.
Lamium amplexicaule
Lepidium densiflorum
Schrad.
Lotus corniculatus L.
--Linum hirsutum L.
---Linum usitatissimum L. 
Lamium paczoskianum Worosch.
---- --28   29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
2 3 2 2 1 ---2 2 1 2 2 2 1 2 -3 3 3 1 -2 2 2 2 3 2 3 3 3 2 -2 2 2 -----1 1 2 ---1 --16 18 31 38 2 2 3 2 2 2 --2 1 2 2 2 2 2 3 2 2 3 2 3 1 2 2 2 2 3 1 2 2 2 3 2 2 2 3 ----1 1 2 1 --1 -1 -21 19 43 36
-----2 2 1 -1 -1 2 2 1 --1 1 1 1 2 -----------1 ---1 1 1 --1 --1 1 1 --8 13 10 16 --2 2 2 3 2 -1 1 2 2 2 2 1 -1 2 2 2 2 2 -1 1 ----1 1 --2 -1 1 2 2 2 --2 1 -2 2 2 1 -17 17 27 30
1 1 ----2 1 1 1 2 --1 1 2 1 1 --------1 1 2 1 1 1 --1 1 ----1 2 --------11 11 14 13 -1 --1 1 1 1 2 1 --1 -2 1 1 1 --1 ------1 -1 1 1 --2 ---1 -1 1 --2 ---1 -13 10 17 10 
Malva pusilla Smith
- - - 2 Ns 1 4 4 - - - - 7 - - - 13 - - - 2 - - - - - - - - - - - - - - - - - - - - Ar Ar - - - - - - - - - - - - - - - - - 1 3 - 8 1 - - - - - - - - - - - 8
Ap
Iranian-TuranianEuro-siber or arch.resist.?
hort.
th
Malus domestica
Odontites vulgaris Moench
--
Onobrychis gracilis
Besser
Myosotis micrantha
Pall. ex Lehm.
Morus alba
Nepeta pannonica L. 
Muscari neglectum
Guss. ex Ten.
Nigella arvensis L. 29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8  25  14 - -------------------------------------------1 -1 1 --2 1  2  1  -------------1 ------1 1 -1 1 -------------------1 -2 1 --4 4 5 4 2 1 3 2 1 -----------------2 --2 3 2 3 ----------------4 6 7 14
--1 2 ----------------2 -2 2 1 2 ------------------2 2 1 2 2 2 7 6 11 12 1 2 2 3 ---------------2 ---2 1 2 -------------2 ----2 3 2 3 1 2 6 9 9 21
------1 ----1 ---2 -2 -1 -1 -----2 --2 2 2 1 -1 -----1 --------3 10 5 14 -2 --2 2 2 -1 1 ---1 2 2 2 2 3 2 1 2 -----1 2 -3 2 2 2 2 2 ----1 1 ------1 -13 13 24 22
2 3 -2 2 2 2 3 -3 1 3 2 3 2 3 2 2 2 2 2 2 2 2 -2 2 3 2 3 2 3 2 2 2 2 2 2 3 3 3 3 2 3 -2 2 3 1 2 21 25 42 63 2 3 2 2 3 3 3 --3 2 3 2 3 3 3 3 3 3 1 3 3 2 3 2 2 2 3 2 3 3 3 2 3 2 3 3 2 3 3 3 3 3 2 3 3 3 3 3 2 24 24 62 65
--2 ----------2 --------2 -2 -----------2 1 ----1 1 3 2 2 2 2 2 8 6 16 10 
Picris hieracioides L.
Poa nemoralis L. 
Ha
Gali veri, Fest-Brom, 
Origanum vulgare L.
Ornithogalum kochii
Parl.
Phleum pratense L. 
Phlomis pungens
Phlomis tuberosa L.
Plantago major L. 28   29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14 Moli-Arrh
Populus alba L. 
Potentilla canescens Besser
Ptelea trifoliata L.
Potentilla heptaphylla L.
Psammophiliella muralis (L.) Ikonn.
Polygala comosa Schkuhr
Pyrus communis L.
Prunus stepposa Kotov
Quercus robur L.
Pulsatilla pratensis (L.) Mill. 
Potentilla argentea L. 
Potentilla neglecta
Baumg.
-
Prunus divaricata
Ledeb. 29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
-2 --1 -------1 1 -2 ------2 2 2 1 -------------1 ---1 2 2 -2 2 2 6 10 10 16
1 1 2 2 3 2 --2 3 2 2 -1 ---2 2 2 2 1 2 2 2 2 2 2 -1 2 -1 2 2 2 --1 2 1 1 2 2 1 2 1 3 2 3 19 21 33 40 2 2 3 2 2 2 --2 2 2 2 -2 --2 2 3 2 2 2 2 2 2 2 2 2 2 1 -2 2 2 -2 --2 1 1 2 2 1 2 2 2 2 2 2 19 22 39 41
Sambucus racemosa L. 
Salsola tragus L. 
Rosa corymbifera
Reseda lutea L.
Rhamnus cathartica L. 
Rumex confertus
Salvia nutans L.
Rumex crispus L.
Rubus caesius L.
Salvia aethiopis L. 28   29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8 25 14
-
Salvia austriaca
----1 --1 2 1 -------2 ----------1 1 1 1 --2 1 -----1 -1 ------5 8 7 9 1 1 --2 --1 2 1 ------1 2 --------2 -1 2 2 2 2 1 2 1 ----2 1 -1 ------10 10 17 13
1 1 ------1 1 -1 1 --1 2 2 2 2 1 1 ----2 1 -2 2 2 --2 2 -------1 ------9 12 14 17 2 1 ------1 1 --1 -1 2 1 2 3 2 1 1 1 ---2 -1 2 ---1 -2 -----1 --------10 10 14 15
------1 1 2 1 2 1 1 1 2 1 -2 2 1 1 -1 1 1 2 ---------1 1 1 ------------10 11 14 13 2 1 ----1 2 1 1 2 1 1 1 2 2 2 2 2 1 2 1 2 -1 ---------1 1 2 1 ------------13 11 21 14 ----------1 2 -1 -----1 -------1 -2 1 1 -1 -1 ---1 -1 --1 --1 --3 11 3 13 --1 2 2 2 --1 1 2 -1 2 1 1 2 1 1 1 --1 2 1 1 2 1 2 --2 2 1 2 2 --2 1 2 2 1 -2 1 1 2 2 2 20 18 31 27
2 7 --2 1 --1 1 1 2 1 ---1 -2 -1 ---2 1 --2 1 1 ---1 1 1 ---1 -1 ---------14 6 18 7
3 2 2 1 2 -2 1 2 2 3 2 3 2 --2 3 3 2 --2 2 2 1 2 2 2 2 3 2 2 1 2 1 2 2 2 -2 2 2 1 1 2 ----21 19 46 33 2 1 2 1 2 -2 -2 1 1 1 3 1 2 -2 2 3 1 --1 ---2 -2 1 2 2 2 1 2 1 2 2 1 -1 1 1 -------20 13 37 16
Scutellaria hastifolia
13
Indian-Malay
Sideritis montana L.
Sonchus arvensis L.
Solanum nigrum L. 
88 Ns -Sisymbrium polymorphum (Murray) Roth 
Senecio vernalis
Sinapis arvensis L.
Sisymbrium loeselii L. 
Scleranthus annuus L.
Setaria viridis (L.) P.Beauv.
Sisymbrium altissimum L.
Scabiosa ochroleuca L.
- 
Saponaria officinalis
L. ----------------------1 --------------------- 
Thesium arvense
Horv. 
Thymus dimorphus
Klokov & Des.-Shost.
Thlaspi arvense L. 
Taraxacum officinale
Wigg. 
Tragopogon major
Torilis japonica (Houtt.) DC.
Torilis ucrainica
Spreng. ------------------------2 2 ------------------------1 1 2 2 ------------------------2 1 ------------------1 -1 ---3 1 4 1
--------------------------------------------1 1 1 2 2 1 3 3 4 4 --------------------------------------------2 -2 1 2 -3 1 6 1 -------1 -----------------1 -------------2 -----------3 -4 ------2 1 ----------------1 1 -------1 --------2 1 -2 --1 -4 5 6 6
------------------------1 1 ------------------------1 1 1 1  -------------------------------------------------- 
Veronica gryniana
Klokov. 
Veronica chamaedrys
L. Veronica teucrium L. 
Vinca herbacea
Waldst. et Kit.
Vincetoxicum hirundinaria
Medik. 28   29  30  31  32  33  34  26  24  15 16  27  10 11 12 13  7  5 6  1  2 3 4  23  9  18 19 20 21 22  17  8  25  14 --2 ---------------------1 --1 -------------------1 --2 2 3 2 -- 2 ---------------------1 -------1 -----------------3 -4 ---1 ----2 ----------------------------1 1 -2 ----1 2 1 1 --4 5 4 8 --1 1 --2 1 ----------------2 -1 ---------2 3 2 2 ---2 2 2 -2 -3 7 8 12 16
-------------------------2 -------------------------1 -2 - ------------------------------------------------- The number of T species The number of Ss species The number of Sn species The number of Bs species The number of Bn species
The total number of species
Other kurgans from this zone:
------------------------------------------------------------------------------------------------------------
Viola pumila Chaix.
Zea mays L. 
Viola kitaibeliana
Schult.
